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METHODS AND DEVICES FOR
SUBCUTANEOUS LEAD IMPLANTATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority from U.S.
Provisional Application No. 61/890,971, filed on Oct. 15,

2013, the content of which is incorporated herein by refer-
ence 1n its entirety.

FIELD

The disclosure relates generally to implantable medical
devices of the type for performing monitoring of a physi-
ologic state and/or therapy delivery. In particular, the dis-
closure pertains to tools for implanting medical electrical
leads for the physiologic state monitoring and/or therapy
delivery.

BACKGROUND

Many types of implantable medical devices (IMDs) have
been clinically implanted over the last twenty years that
deliver relatively high-energy cardioversion and/or defibril-
lation shocks to a patient’s heart when a malignant tachyar-
rhythmia, e.g., atrial or ventricular fibrillation, 1s detected.
Cardioversion shocks are typically delivered 1n synchrony
with a detected R-wave when fibrillation detection critenia
are met, whereas defibrillation shocks are typically delivered
when {ibrillation criteria are met and an R-wave cannot be
discerned from the EGM.

The IMDs include implantable pulse generators (IPGs),
implantable cardioverter/defibrillators (ICDs), and implant-
able pacemaker/cardioverter/defibrillators (PCDs). The
IMDs provide stimulation at pacing levels, high level stimu-
lation via cardioversion and/or defibrillation, extensive diag-
nostic capabilities and high speed telemetry systems. Such
IMDs are typically implanted into patients who have expe-
rienced a significant cardiac event.

Attempts at identifying those patients who are asymptom-
atic by conventional measures but are nevertheless at risk of
a Tuture sudden death episode are being undertaken. Current
studies of patient populations, e.g., the MADIT II and
SCDHeFT studies, are establishing that there are large
numbers of patients 1n any given population that are sus-
ceptible to sudden cardiac death, and that they can be
identified with some degree of certainty. One developing
option for this patient population 1s to implant a prophylactic
subcutancous implantable cardioverter/defibrillator (SubQ)
ICD) to deliver therapy 1n the event of a cardiac episode,
such as sudden cardiac arrest, 1n order to reduce the risk of
death resuming from the episode, and who will then have a
tull-featured ICD with transvenous leads implanted.

Current 1mplanted subcutaneous coil leads are compli-
cated and time consuming to implant and may dislodge or
pull back acutely. Further, fibrosis and tissue build-up make

it impossible to remove intracardial leads after a few month
of 1mplant.

Theretore, for these and other reasons, a need exists for an
improved method and apparatus for a subcutaneously
implanted lead that 1s easy to implant and stays fixed in the
proper location acutely and chronically, or until 1t becomes
desirable to remove the lead for repositioning or remove the
lead permanent

SUMMARY

A device and method for implantation of a subcutaneous
implantable medical device (SIMD) 1s disclosed. Exemplary
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2

devices 1nclude an elongate body formed from a resilient
material and having at least a first crescent-shaped segment,
the elongate body having a proximal end and a distal end, a
channel defined on an 1nner surface of the first segment and
extending along a length of the first crescent-shaped seg-
ment, and an engagement mechanism disposed on the proxi-
mal end, the engagement mechanism being configured to
releasably engage the lead.

In accordance with embodiments of this disclosure, the
method for placement of an implantable medical lead in a
patient’s body includes forming a first incision at a first
location of the body, providing a tunneling tool having a
proximal end, a distal end and a channel extending between
the proximal end and the distal end, inserting a first portion
of the lead into the first incision, positioning a second
portion of the lead within the channel, wherein the tunneling
tool 1s configured such that at least the first portion of the
lead 1s located outside the channel, and gmding the lead
from the first location to a second location that i1s spaced
apart from the first location using the tunneling tool.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the compositions and
methods according to the imvention will be described in
detail, with reference to the following figures wherein:

FIG. 1 1s a front view of patient implanted with an
implantable cardiac system:;

FIG. 2 1s a side view of a patient implanted with an
implantable cardiac system:;

FIGS. 3A-C 1llustrate cross-sectional views of a tunneling
tool 1n accordance with an embodiment of the disclosure;

FIG. 4 depicts a tunneling tool 1 accordance with an
embodiment of the disclosure in an illustrative use for
advancing a device;

FIG. § illustrates a side view of an embodiment of a
tunneling tool 1n accordance with an embodiment of the
disclosure:

FIG. 6 1s a top perspective view of a distal portion of a
tunneling tool with a lead disposed therein;

FIG. 7 depicts yet another top perspective view of a distal
portion of a tunneling tool with a lead disposed therein in
accordance with an alternative embodiment;

FIG. 8 depicts a flowchart of a method of placing an
implantable medical lead 1n a patient’s body; and

FIG. 9 1s a flowchart 1llustrating a method for placing an
implantable medical lead in a patient’s body 1n accordance
with an alternative embodiment.

DETAILED DESCRIPTION

This disclosure pertains to devices and methods for
implantation of a subcutaneous implantable medical device
within a patient, such as in a substernal space. In this
disclosure, “substernal space” refers to the region defined by
the undersurface between the sternum and the body cavity
but not including the pericardium. In other words, the region
1s dorsal to the sternum and ventral to the ascending aorta.
The substernal space may alternatively be referred to by the
terms “‘retrosternal space” or “mediastinum” or “infraster-
nal” as 1s known to those skilled in the art and includes the
region referred to as the anterior mediastinum. For ease of
description, the term substernal space will be used in this
disclosure, 1t being understood that the term 1s interchange-
able with any of the other alorementioned terms.

In this disclosure, the term “extra-pericardial” space
refers to region around, but not 1n contact with, the outer
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heart surface. The region defined as the extra-pericardial
space includes the gap, tissue, bone, or other anatomical
features around the perimeter of, and adjacent to, but not 1n
contact with the pericardium.

FIGS. 1-2 are conceptual diagrams of a patient 12
implanted with an example implantable cardiac system 10.
FIG. 1 1s a front view of patient 12 implanted with implant-
able cardiac system 10. FIG. 2 1s a side view patient 12 with
implantable cardiac system 10.

Implantable cardiac system 10 includes an implantable
cardiac defibrillator (ICD) 14 connected to a lead 18. The
lead 18 may be utilized for sensing and/or to provide an
clectrical stimulation therapy such as pacing or defibrilla-
tion. Lead 18 includes electrodes 32 and 34 that may be
configured for delivery of the stimulation therapy. In addi-
tion, or alternatively, the electrodes 32, 34 may be config-
ured for sensing.

ICD 14 may provide stimulation therapy and/or sense
clectrical activity of heart 26 via a combination of delivery/
sensing vectors that include combinations of electrodes 32
and 34 and the housing or can electrode of ICD 14. For
example, ICD 14 may deliver therapy or obtain electrical
signals sensed using a delivery/sensing vector between
clectrodes 32 and 34, or using a delivery/sensing vector
between electrode 32 and the conductive housing or can
clectrode of ICD 14, or using a delivery/sensing vector
between electrode 34 and the conductive housing or can
electrode of ICD 14, or a combination thereof. In this
manner, sensing, defibrillation therapy, ATP therapy or post
shock pacing (or other pacing therapy) may be provided 1n
an ICD system without entering the vasculature or the
pericardial space, nor making intimate contact with the
heart.

The electrodes 32 and 34 may be located near a distal end
of lead 18. Electrodes 32 and 34 may comprise ring elec-
trodes, hemispherical electrodes, coil electrodes, helix elec-
trodes, or other types of electrodes, or combination thereof.
Electrodes 32 and 34 may be the same type of electrodes or
different types of electrodes.

The lead body of lead 18 also includes one or more
clongated electrical conductors (not 1llustrated) that extend
through the lead body from the connector assembly of ICD
14 provided at a proximal lead end to electrodes 32, 34. The
lead body of lead 18 may be formed from a non-conductive
material, including silicone, polyurethane, fluoropolymers,
mixtures thereol, and other appropriate materials, and
shaped to form one or more lumens within which the one or
more conductors extend. However, the techniques are not
limited to such constructions.

The one or more elongated electrical conductors con-
tained within the lead bodies of leads 16 and 18 may engage
with respective ones of electrodes 32, 34. The respective
conductors may electrically couple to circuitry, such as a
therapy module or a sensing module, of ICD 14 via con-
nections 1n connector assembly, including associated
teedthroughs. The electrical conductors transmit therapy
from a therapy module within ICD 14 to one or more of
clectrodes 32, 34 and transmit sensed electrical signals from
one or more of electrodes 32, 34 to the sensing module
within ICD 14.

In the example illustrated i FIGS. 1-2, ICD 14 1s
implanted subcutaneously on the left midaxillary of patient
12. ICD 14 may, however, be implanted at other subcuta-
neous locations on patient 12. The lead 18 may be serted
through an 1ncision 2 or 4 on the patient’s body for subcu-
taneous and/or extrapericardial implantation as will be
described in more detail below.
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Lead 18 includes a proximal end that 1s connected to ICD
14 and a distal end that includes one or more electrodes.
Lead 18 may be implanted within the mediastinum such that
one or more electrodes 32 and 34 are located over a cardiac
silhouette of the ventricle as observed via fluoroscopy. In the
example 1llustrated 1n FIGS. 1-2, lead 18 1s located substan-
tially centered under sternum 22. Lead 18 extends subcuta-
neously from ICD 14 toward xiphoid process 20. At a
location near xiphoid process 20 lead 18 bends or turns and
extends superior upward in the substernal space. In one
example, lead 18 may be placed 1n the mediastinum 36 and,
more particularly, 1in the anterior mediastinum. The anterior
mediastinum 1s bounded laterally by pleurae 40, posteriorly
by pericardium 38, and anteriorly by sternum 22. In other
instances, however, lead 18 may be implanted such that it 1s
oflset laterally from the center of sternum 22. Alternatively,
lead 18 may be placed such that a therapy vector between
one of electrodes 32, 34 and a housing or can electrode of
ICD 14 1s substantially across the ventricle of heart 26.
Although described herein as being implanted 1n the sub-
sternal space, the mediastinum, or the anterior mediastinum,
lead 18 may be implanted 1n other extra-pericardial loca-
tions.

The configuration described above in FIGS. 1-2 1s
directed to providing ventricular pacing via lead 18. In
situations 1 which atrial pacing 1s desired 1n addition to or
instead of ventricular pacing, lead 18 may be positioned
turther superior. A pacing lead configured to deliver pacing
pulses to both the atrium and ventricle may have more
clectrodes. For example, the pacing lead may have one or
more electrodes located over a cardiac silhouette of the
atrium as observed via fluoroscopy and one or more elec-
trodes located over a cardiac silhouette of the ventricle as
observed via fluoroscopy. In some nstances, two substernal
pacing leads may be utilized with one being an atrial pacing
lead 1mplanted such that the electrodes are located over a
cardiac silhouette of the atrium as observed via tluoroscopy
and the other being a ventricle pacing lead being implanted
such that the electrodes are located over a cardiac silhouette
of the ventricle as observed via fluoroscopy.

ICD 14 may mclude a housing that forms a hermetic seal
that protects components of ICD 14. The housing of ICD 14
may be formed of a conductive maternial, such as titanium.
ICD 14 may also include a connector assembly (also
referred to as a connector block or header) that includes
clectrical feedthroughs through which electrical connections
are made between conductors within lead 18 and electronic
components included within the housing. Housing may
enclose one or more processors, memories, transmitters,
receivers, sensors, sensing circuitry, therapy circuitry and
other appropriate components as 1s known in the art. Hous-
ing 34 i1s configured to be implanted 1n a patient, such as
patient 12.

As shown 1 FIG. 1, an anchoring mechanism 40 may be
provided along the lead body to couple the lead 18 at an
access point 4 through which the distal end of the lead 18 1s
inserted into the substernal space. The access point 4 1s any
location that provides access into the substernal space. In
one exemplary embodiment, the access point 4 1s adjacent to
or below the xiphoid process (also referred to as *“subxi-
phoid”). The access point may also be at the notch (not
shown) that connects the xiphoid process to the sternum. In
other embodiments, the substernal space may also be
accessed through the manubrium.

The anchoring mechanism 40 1s fixedly-coupled to cartilage,
musculature, tissue or bone at the entry point into the
substernal space at or near the access point at which site the
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body of the lead 18 transitions from the subcutaneous tissue
into the substernal space of patient 12. An example of the
anchoring mechanism 40 includes a suture or clip or other
fastener that anchors the lead body to the patient 12. Such
anchoring mechanism 40 may be coupled directly to the lead
body or to a suture sleeve such as that described 1n U.S. Pat.
No. 5,273,053, 1ssued to Pohndort and incorporated herein
by reference 1n 1ts entirety.

The examples 1llustrated in FIGS. 1-2 are exemplary in
nature and should not be considered limiting of the tech-
niques described 1n this disclosure. In other examples, 1CD
14 and lead 18 may be implanted at other locations. For
example, ICD 14 may be mmplanted 1n a subcutaneous
pocket 1in the right chest. In this example, lead 18 may be
extend subcutaneously from the device toward the manu-
brium of the sternum and bend or turn and extend subcuta-
neously inferiorily from the manubrium of the sternum,
substantially parallel with the sternum.

In addition, i1t should be noted that system 10 may not be
limited to treatment of a human patient. In alternative
examples, system 10 may be implemented 1n non-human
patients, e.g., primates, camines, equines, pigs, and felines.
These other animals may undergo clinical or research thera-
pies that may benefit from the subject matter of this disclo-
sure.

FIGS. 3A-C 1illustrate a tunneling tool 50 in accordance
with an embodiment of the disclosure. FIG. 3A illustrates a
cross-sectional side view of the tunneling tool 50. FIGS. 3B
and 3C 1llustrate cross-sectional view of the tunneling tool
50 at the segments 54, and 62, respectively. The tunneling
tool 50 facilitates advancement of medical devices such as
lead 18, medical tubes, catheters, or other medical devices.
For example, the tunneling tool 50 1s suited for advancing
lead 18 through a subcutaneous location and/or an extra-
pericardial space during an implant procedure.

The tunneling tool 50 comprises an elongate body 52 that
1s coupled to a handle 60. The elongate body 52 includes a
crescent-shaped segment 54. An inner surface of the elon-
gate body 52 defines a channel 56 that 1s configured to
receive the lead 18. For example, the crescent-shaped seg-
ment 54 defines the channel 56 that extends from a distal end
58 of the elongate body 52 to a proximal portion 60 of the
clongate body 52. The elongate body 52 may further include
a segment 62 that 1s formed adjacent to the crescent-shaped
segment 54. In the 1llustrative embodiment, the segment 62
1s formed as a cylindrically-shaped segment. However, the
segment 62 may alternatively be formed 1n any other shapes
such as the crescent-shaped segment.

The elongate body 32 may further include one or more
lead engagement mechanisms 64a, 64b5. Collectively, the
lead engagement mechanisms 64 are provided for releas-
ably-engaging the lead 18 during a procedure such as to
implant the lead 18. The lead 18 may subsequently be
disengaged from the lead engagement mechanisms 64 upon
successiul placement of the lead 18 within the target tissue.
In alternative embodiments, the tunneling tool may include
an optional tunneling tip 68 (1llustrate 1n phantom lines) at
the distal end 58 of the elongate body 52.

The elongate body 52 may further include a radiopaque
marker element 70. In the illustrative embodiment, the
clement 70 1s depicted overlaying a distal portion of the
clongate body 52. Nevertheless, i1t should be understood that
the element 70 may overlay or coat any other section or
sections ol the eclongate body 52 or may alternatively
overlay the entire elongate body 52. Element 70 may be
formed from a band of radiopaque material that 1s coupled
to the distal portion through any suitable mechanism. In
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other embodiments, the distal portion may be formed from
a radiopaque material such as polypropylene having about
15% by weight barium sulfate. The material forming ele-
ment 70 may include a compound, such as barium sulphate,
that 1s visible through a fluoroscopic 1maging procedure. In
use, the element 70 can provide a visual depiction or image
of the elongate body 352.

Elongate body 52 may be formed from a pliable material
such as bio-compatible plastic including polyaryletherether-
ketone (PEEK) thermoplastic, PARYLENE® polyxylylene
polymers, or other suitable polymer maternial. The material
may also be selected from a bendable or rngid material, such
as materials including metals and metal alloys, such as
titanium or stainless steel. In further embodiments, the
clongate body 52 may be formed from bio-compatible rigid
materials such, for example, as TECOTHANE® thermo-
plastic polyurethanes that may have elastic “memory”.

A handle 66 1s coupled to the proximal end of elongate
body 52. Handle 66 facilitates maneuvering of the elongate
body 52. The handle 66 may be formed from materials
similar to those of the elongate body 32 or from a different
material.

Turning next to FIG. 4, the tunneling tool 50 1s shown as
it would be used for advancing a device such as lead 18. The
body of the lead 18 1s shown having a first portion 31 that
fits within the channel 56, and a second portion, shown
herein as electrode 32, that 1s exposed outside of the channel
56. The first portion 31 and the channel 56 may be config-
ured with dimensions that enable a friction fit to be formed
between the mnner wall of the tunneling tool 50 and body of
lead 18. With this configuration, the electrode 32 defines a
proximal tip that 1s exposed outside of the tunneling tool
such that the electrode 32 will dissect tissue during the
implant procedure to create a pathway. As such, the channel
56 1s dimensioned to recerve and hold in place the first
portion 31 of the lead 18, but with the second portion being
disposed external to the channel 56. In addition or alterna-
tively, the lead engagement mechanism 64a may suitably be
provided to engage the second portion to secure 1t exteriorly
of the channel 56.

In embodiments having tunneling tip 68, the second
portion of lead 18 may rest entirely within the tunneling tip
68 so as not to expose the lead 18. This embodiment 1s
particularly suitable for lead 18 constructed with a uniform
lead body diameter.

FIGS. 5-7 illustrate embodiments of the tunneling tool 52
in one configuration for use with a lead 18. The lead
engagement mechanism 64a that formed within the distal
end 58 of the elongate body 32 1s provided to enable
releasable engagement of a portion of the lead 18 (for
example, second portion). As depicted i FIG. 5, lead
engagement mechanism 64a comprises projections that are
formed to define an opening at the distal end 58. The body
of lead 18 may be dimensioned having a radius that is
configured to engage with the lead engagement mechanism
64a, e.g., with a larger radius relative to the lead engagement
mechanism 64a to form a friction fit. Thus, the lead engage-
ment mechanism 64a defines an opening into the channel 56
having a radius that is narrower 1n relation to the radius of
the channel 56. In alternative embodiments, the lead engage-
ment mechanism 64a may comprise a rib that 1s formed at
the distal end 58. In other embodiments, the lead engage-
ment mechanism 64a may be formed as a slot, clip, finger,
flange, or 1n any other construction. Regardless of construc-
tion, the embodiments of the lead engagement mechanism
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64a are predicated on preventing disengagement of the lead
18 from the tunneling tool 50 during an advancement
procedure.

FIG. 6 1s a top perspective view of the distal portion of the
tunneling tool 52 with lead 18 disposed therein. As depicted
in FIG. 6, channel 56 receives first portion 31 of lead 18,
while the second portion 1s disposed externally 1n relation to
the channel 56. In this configuration, the second portion 32
abuts the lead engagement mechanism 64a when first por-
tion 31 of lead 18 1s inserted into channel 356. In this
embodiment, movement of the tunneling tool 50 1n a direc-
tion towards the distal end 38 causes the lead 18 to be
advanced through tissue. In other words, a force exerted on
the proximal portion of the tunneling tool 52 1s transterred
to the second portion 32 to cause the second portion to
dissect tissue and create a tunnel in the patient tissue for
placement of the lead 18.

FIG. 7 depicts yet another top perspective view of the
distal portion of tunneling tool 52 with an alternate configu-
ration for handling and advancing lead 18. In this embodi-
ment, the second portion of lead 18 1s 1nserted within the
channel 56 while the first portion 31 1s disposed outside the
channel 56. In this configuration, the radius of channel 56 1s
configured to be equal or substantially equal in comparison
to the second portion 32. By substantially equal, this dis-
closure refers to dimensions that provide for a friction fit to
be formed between surfaces, such as the second portion and
the inner surface of the channel or that the second portion 1s
dimensioned be loosely disposed within the channel. In this
embodiment, lead engagement mechanism 64a grasps the
second portion 32 of lead 18 to prevent the lead 18 from
disengaging from the channel 56 during an implant proce-
dure.

FIG. 8 depicts a flowchart of a method of placing an
implantable medical lead 1n a patient’s body. First incision
2 1s made 1nto tissue of the patient and second incision 4 1s
made 1n the patient at a location that 1s spaced apart from the
first 1ncision 2 (100). In this embodiment, incision 4 pro-
vides the 1nitial point of entry into the patient’s body. The
initial point of entry of the tunneling tool 50 may be selected
based on the desired method of advancing the lead 18 as will
be discussed further below. Thus, in this embodiment,
tunneling tool 50 1s 1nserted into the incision 4 (102). The
tunneling tool 50 1s subsequently advanced by manipulating
the tool 50 from incision 4 to incision 2 through dissection
of the tissue using the distal end of the elongate body 52 to
create a tunnel in the patient tissue (104). The dissection of
the tissue can be accomplished by feeding tunneling tool 50
into the patient at the entry incision 2. In embodiments
where the tunneling tool 50 includes tunneling tip 68, the tip
68 dissects the patient tissue to create the tunnel. Otherwise,
the distal end of the tunneling tool 52 will perform the
function of dissecting the patient tissue.

After the distal portion of tunneling tool 50 reaches
incision 2, at least a portion of the lead i1s inserted within the
channel 56 (106). For example, the second portion 32 1is
positioned within the channel 56 such that the first portion
31 1s located outside the channel 56 as depicted 1n FIG. 7.
The second portion 32 may be releasably engaged within the
channel 56, for example using the engagement mechanism
64a. With at least a section of the lead 18 seated within the
channel 38, the lead 18 i1s guided from the incision 2 to
incision 4 (108). This may be accomplished by pulling the
handle 66 or proximal portion of the tunneling tool 50 such
that the distal portion of the tunneling tool 50 1s drawn back
through the tunnel 1n a direction from 1ncision 2 to 1cision
4. The retraction of the tunneling tool 50 guides the lead 18,
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held within the channel 56, through the tunnel created 1n the
tissue. Hence, the lead 18 1s positioned within the tunnel and
left therein. Subsequent to placement, the lead 18 may be
anchored at one or more locations within the tissue of the
patient 1f 1t 1s adjacent to the target tissue (110). The
anchoring may be performed through an anchor on the lead
18 that engages cartilage, bone, fascia, muscle or other tissue
of patient or simply by wedging the lead 18 1n the patient for
fixation to prevent excessive motion or dislodgment.

FIG. 9 1s a flowchart 1llustrating a method for placing an
implantable medical lead in a patient’s body 1n accordance
with an alternative embodiment. A first incision 2 and a
second 1ncision 4 are formed on the patient (200). The lead
18 1s positioned within the channel 56 (202). The positioning,
of the lead 18 may be as depicted for example in FIG. 6
where the first portion 31 1s disposed within the channel 56
and the second portion 32 1s disposed on the exterior of the
channel 56.

The second portion of the lead 18 may then be mnserted
into the incision 2 (204). Next, the lead 18 1s guided through
the patient tissue (206). In other words, the combination of
the tunneling tool 50 and the lead 18 are navigated through
the tissue. As depicted in FIG. 6, the second portion 32 1s
C
{

lisposed on the exterior of the elongate body 52 and dissects
he patient’s tissue to form a tunnel from the first incision 2
to the second 1ncision 4. The combination of the lead 18 and
tunneling tool 50 are advanced through the tunnel formed by
the second portion 32.

After the lead 18 1s navigated to incision 4, the first
portion 31 1s separated from tunneling tool 50 (208). For
example, the tunneling tool 50 may be pulled 1n a direction
away from the second portion 32 such that the tunneling tool
50 slides back through the tunnel towards 1ncision 2 until the
tool 1s withdrawn from the patient’s tissue. If the lead 18 has
been located adjacent to the target tissue, a portion of the
lead may be anchored to the patient tissue. Otherwise,
additional manipulation may be performed prior to anchor-
ing the lead.

Accordingly, FIGS. 8 and 9 depict various tasks associ-
ated with placement of a medical electrical lead, catheter,
medical tube, or other medical device within tissue of a
patient. The numbering of the tasks does not denote a
sequential ordering of the tasks. The tasks associated with
the methods may be utilized to place the device mn a
subcutaneous tissue of the patient or 1n an extra-pericardial
space ol the patient (such as a substernal space underneath
the sternum). Furthermore, a device placement procedure
may utilize the tasks 1n both methods of FIGS. 8 and 9. For
example, the method of FIG. 8 may be utilized during
subcutaneous placement of the device and a subsequent
substernal placement. In an alternative example, the method
of FIG. 8 may be utilized during subcutaneous placement of
the device with the method of FIG. 9 being utilized during
a subsequent substernal placement.

The above description 1s intended to be illustrative, and
not restrictive. For example, the above-described examples
(or one or more aspects thereol) may be used in combination
with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above
description. The Abstract 1s provided to comply with 37
C.FR. § 1.72(b), to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the
scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to
streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature 1s essential to
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any claim. Rather, inventive subject matter may lie 1n less
than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separate embodiment. It should also be understood that
various changes can be made 1n the function and arrange-
ment of elements without departing from the scope of the
disclosure as set forth in the appended claims and the legal
equivalents thereof.

What 1s claimed 1s:

1. A tunneling tool system for immplanting a medical
clectrical lead, the system comprising:

the medical electrical lead including an elongate lead

body with a substantially circular cross-section, the
clongate lead body including a first portion and a
second portion, wherein the first portion 1s proximal the
second portion along the length of the elongate lead
body, and the second portion includes a distal end of the
lead body; and

a tunneling tool comprising:

an elongate tool body formed from a resilient material
and having at least a crescent-shaped segment, the
clongate body having a proximal end and a distal
end, and

a channel defined on an 1nner surface of the crescent-
shaped segment and extending along a length of the
crescent-shaped segment, wherein the distal end of
the elongate tool body defines an opening of the
channel,

wherein the first portion of the elongate lead body defines

a first diameter that 1s less than a second diameter of the
second portion of the elongate lead body, wherein the
first diameter of the elongate lead body 1s substantially
equal to or less than a width of the opening of the
clongate tool body at the distal end, and wherein the
second diameter of the second portion 1s larger than the
width of the opening of the elongate tool body at the
distal end.,

wherein the medical electrical lead and the tunneling tool

are configured such that, 1n a first arrangement, the first
portion of the medical electrical lead 1s disposed with
the channel, and the second portion of the medical
clectrical lead 1s disposed outside the channel beyond
the distal end of the elongate tool body, wherein, 1n the
first arrangement, the medical electrical lead engages
with the elongate tool body such that movement of the
clongate tool body 1n a distal direction along a longi-
tudinal axis of the elongate tool body causes movement
of the distal end of the lead body in the distal direction,
and

wherein the medical electrical lead and the tunneling tool

are configured such that, 1n a second arrangement, the
second portion of the medical electrical lead 1s disposed
with the channel, and the first portion of the medical
clectrical lead 1s disposed outside the channel beyond
the distal end of the elongate tool body, and wherein, 1n
the second arrangement, the medical electrical lead
engages with the elongate tool body such that move-
ment of the elongate tool body 1n a proximal direction
along the longitudinal axis of the elongate tool body
causes movement of the distal end of the lead body 1n
the proximal direction.

2. The system of claim 1, wherein the tunneling tool 1s
configured to releasably engage the second portion of the
medical electrical lead disposed 1n the channel 1n the second
arrangement.
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3. The system of claim 1, wherein the crescent-shaped
segment defines the opening at the distal end of the elongate
tool body, wherein the opening 1s configured to engage the
medical electrical lead 1n at least one of the first arrangement
or the second arrangement.

4. The system of claim 1, wherein the elongate tool body
turther comprises a tubular segment coupled to the crescent-
shaped segment.

5. The system of claim 1, further comprising a tunneling
tip at the distal end of the elongate tool body.

6. The system of claim 1, further comprising a radiopaque
marker element disposed on the elongate tool body, the
marker element being configured to generate an indication
of a location of the tool within tissue.

7. The system of claim 1, wherein the channel extends
between the proximal end and the distal end of the elongate
tool body.

8. The system of claim 1, further comprising a handle
coupled to a proximal portion of the elongate tool body.

9. The system of claim 1, wherein, 1n the second arrange-
ment, the tunneling tool i1s configured to pull the second
portion of the medical electrical lead to advance the medical
clectrical lead through a subcutaneous tissue of a patient.

10. The system of claim 1, wherein, 1n the first arrange-
ment, the tunneling tool 1s configured to push the second
portion of the medical electrical lead to advance the medical
clectrical lead through a subcutaneous tissue of a patient.

11. The system of claim 10, wherein the distal end of the
medical electrical lead defines a tunneling tip configured to
tunnel through the subcutaneous tissue of the patient when
the tunneling tool pushes the second portion of the medical
clectrical medical electrical lead 1n the first arrangement.

12. The system of claim 1, wherein the distal end of the
clongate tool body includes projections that define the width
of the opening at the distal end of the elongate tool body.

13. The system of claim 12, wherein the width of the
opening defined by the projections 1s less than a width of the
channel proximal the projections.

14. The system of claim 13, wherein the width of the
channel proximal the projections 1s substantially equal to or
greater than the diameter of the second portion.

15. The system of claim 12, wherein, when 1n the second
arrangement, the second portion of the medical electrical
lead interfaces with the projections such that the movement
of the elongate tool body in the proximal direction along the
longitudinal axis of the elongate tool body causes movement
of the distal end of the lead body in the proximal direction.

16. The system of claim 12, wherein the width of the
opening defined by the projections 1s substantially equal to
the first diameter of the first portion of the lead.

17. The system of claim 12, wherein a friction fit 1s
formed between the projections and the first portion of the
clongate lead body.

18. The system of claim 1, wherein the medical electrical
lead mncludes one or more electrodes along the length of the
clongate lead body.

19. The system of claim 1, wherein the medical electrical
lead includes an electrode defining the distal end of the lead
body.

20. The system of claim 19, wherein the electrode defines
a leading edge of the medical electrical lead that 1s config-
ured to dissect tissue of the patient.

21. The system of claim 1, wherein, when 1n the first
arrangement, a surface of the second portion opposes a
surface of the distal end of the elongate tool body to cause
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movement of the distal end of the lead body in the distal
direction when the elongate tool body 1s moved 1n the distal
direction.
22. A method for placement of an 1mplantable medical
lead 1n a patient’s body, the method comprising:
forming a {irst 1ncision at a first location of the body;
inserting a first portion of the lead into the first incision;
positioning a second portion of the lead within a channel
of a tunneling tool and the first portion of the lead
outside the channel; and
guiding the lead from the first location to a second
location that 1s spaced apart from the first location
using the tunneling tool,
wherein the implantable medical lead includes an elon-
gate lead body with a substantially circular cross-
section, the elongate lead body including the first
portion and the second portion, wherein the first portion
1s proximal the second portion along the length of the
clongate lead body, and the second portion includes a
distal end of the lead body,
wherein the tunneling tool comprises:
an elongate tool body formed from a resilient material
and having at least a crescent-shaped segment, the
clongate body having a proximal end and a distal
end, and
the channel defined on an 1nner surface of the crescent-
shaped segment and extending along a length of the
crescent-shaped segment, wherein the distal end of
the elongate tool body defines an opening of the
channel,
wherein the first portion of the elongate lead body defines
a first diameter that 1s less than a second diameter of the
second portion of the elongate lead body, wherein the
first diameter of the elongate lead body 1s substantially
equal to or less than a width of the opening of the
clongate tool body at the distal end, and wherein the
second diameter of the second portion 1s larger than the
width of the opening of the elongate tool body at the
distal end.,
wherein the medical electrical lead and the tunneling tool
are configured such that, 1n a first arrangement, the first
portion of the medical electrical lead 1s disposed with
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the channel, and the second portion of the medical
clectrical lead 1s disposed outside the channel beyond
the distal end of the elongate tool body, wherein, 1n the
first arrangement, the medical electrical lead engages
with the elongate tool body such that movement of the
clongate tool body 1n a distal direction along a longi-

tudinal axis of the elongate tool body causes movement
of the distal end of the lead body 1n the distal direction,
and

wherein the medical electrical lead and the tunneling tool

are configured such that, 1n a second arrangement, the
second portion of the medical electrical lead 1s disposed
with the channel, and the first portion of the medical
clectrical lead 1s disposed outside the channel beyond
the distal end of the elongate tool body, and wherein, 1n
the second arrangement, the medical electrical lead
engages with the elongate tool body such that move-
ment of the elongate tool body 1n a proximal direction
along the longitudinal axis of the elongate tool body
causes movement of the distal end of the lead body 1n
the proximal direction.

23. The method of claim 22, further comprising forming,
a second 1ncision at the second location of the body, wherein
the lead 1s guided from the first incision at the first location
to the second incision at the second location using the
tunneling tool.

24. The method of claim 22, wherein positioning the
second portion of the lead comprises placing the second
portion within the channel such that the first portion abuts an
exterior surface of the tunneling tool at the distal end.

25. The method of claim 22, further comprising releasably
engaging the lead with the tunneling tool.

26. The method of claim 25, wherein the tunneling tool
comprises a tubular body having a distal opening at the distal
end and the lead i1s configured to be releasably engaged by
the distal opening.

277. The method of claim 25, wherein the first portion 1s
formed having a detent on the elongate body of the lead such
that the detent 1s configured to be releasably engaged by the
tunneling tool.
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